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ABSTRACT
Purpose/Background: Ultrasonography (US) may aid the assessment of the anterior talofibular ligament 
(ATFL) injury after lateral ankle sprains by allowing the clinician to visualize and measure talocrural laxity. 
Comparison of US against another objective method of ankle laxity assessment, such as ankle arthrometry 
(AA), is needed. The purpose was to evaluate the relationship between the ATFL length measurements meas-
ured from stress US images to the inversion and anterior drawer displacement measured with AA in healthy 
subjects. 

Methods: This descriptive laboratory study included 26 ankles from healthy subjects. The apparent length 
of the ATFL was measured using US during anterior drawer (USAD) and inversion (USINV) stress and the 
translation of the talocrural joint was measured using AA during anterior drawer (AAAD) and inversion 
(AAINV) stress. Percent change in length for USAD and USINV were quantified. Intraclass correlation coef-
ficients and pearson product moment correlations Bland-Altman limits of agreement were calculated 
between relevant variables.

Results: USAD and USINV percent change in length were positively correlated (r = .76). Bland Altman 
analysis revealed a mean difference of 5.38 mm (95% CI: –3.5 to 12 mm) with the AAAD producing higher 
values than the USAD. No significant correlations were found between the US and AA variables, however 
the absolute AAAD and AAINV variables were also positively correlated (r = .61).

Conclusions: The US and AA variables were not directly correlated when measuring inversion and anterior 
laxity in healthy ankles. Differences between the devices that may affect this include different rates of joint 
loading, patient position and method of assessing laxity. The AA results demonstrated greater anterior dis-
placement. Results may differ in ankle injured subjects who may demonstrate increases in anteroposterior 
and inversion laxity. 

Level of Evidence: 2b. Exploratory study in healthy cohort.
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INTRODUCTION
Lateral ankle sprains are common injuries and inad-
equate diagnosis and treatment can have long-term 
negative effects including instability, pain, and dys-
function.1 These injuries make up approximately 
25% of the injuries from running and jumping 
sports.2 The lateral ankle is supported primarily by 
the anterior talofibular ligament (ATFL) and the cal-
caneofibular ligament (CFL), and injury to one or 
both of these ligaments may lead to increased ante-
rior drawer and inversion laxity.3,4 Current assess-
ment techniques of the ATFL include manual 
physical examination, radiography including stress 
radiographs, magnetic resonance imaging (MRI), 
arthrograms, and arthrometry. Each of these has 
limitations in clinical practice such as questionable 
reliability, radiation exposure, or device availability. 
The use of stress ultrasound (US) in the evaluation 
of the ATFL may provide diagnostic information 
regarding the extent of the ligament injury and talo-
crural joint integrity.1,5,6 Stress ultrasound, or ultra-
sonography, is used to describe imaging of the ankle 
joint during anterior drawer or inversion stress to 
identify changes in talofibular position resulting 
from the stress. It is similar to stress radiography in 
that the same joint stress is applied; however, ultra-
sound is used to image ankle anatomy rather than  
radiography.

Ankle physical examination consists of manual joint 
stress testing that involves the application and inter-
pretation by the examiner of passive movement of the 
patient’s ankle at the end range of motion. The ante-
rior drawer and talar tilt tests are used to assess liga-
ment integrity and, following lateral ankle sprains, 
stretched or torn ligaments can result and the exam-
iner may perceive an increase in joint laxity. How-
ever, these tests have not been shown to be reliable 
nor valid and a need exists for improved measurement 
techniques.3,7 Stress radiographs measure the amount 
of movement relative to the tibia under anterior drawer 
or inversion stress in an effort to quantify talocrural 
and subtalar joint laxity. Some limitations with stress 
radiography are that the testing may be influenced by 
pain and also unnecessarily expose the subject or pro-
vider to ionizing radiation, however the standardiza-
tion of stress forces that occurs using devices of proven 
reliability has been shown to reduce measurement 
errors.8 

Ankle arthrometry (AA) is an objective measure of 
rearfoot inversion and anterior ankle displacement 
and is a reliable and valid measure of talocrural and 
subtalar joint stability. The Hollis ankle arthrometer 
(Blue Bay Research, Milton, FL) is a device specifically 
designed to measure ankle joint laxity and Kovaleski et 
al demonstrated high interrater and intrarater reliabil-
ity.4,9 Kovaleski et al. found a strong correlation between 
arthrometer variables of anterior to posterior transla-
tion (r = .88) and inversion (INV) (r = .86) when com-
pared to the actual motion occurring between the tibia 
and calcaneus as demonstrated by pins inserted into 
the bones of cadaver ankles.4 Ankle arthrometry has 
been used to assess anterior and inversion laxity in 
patients with acute ankle sprains and chronic ankle 
instability.10-12 Currently, AA is primarily limited to 
research applications since the device is not widely 
available in clinical practice settings. 

Ultrasound can be used to visualize the ATFL from the 
malleolar origin to the talar insertion and the appar-
ent ligament length can be measured using a digital 
caliper either during the exam or later using the saved 
images.5,13 A longitudinal measurement between the 
bony attachments of the ATFL is taken by identifying 
the fibular origin and performing a straight-line mea-
surement along the ATFL fibers to the insertion on the 
talar neck. When using this method, Brasseur et al.14 
found the apparent length of the ATFL to be 16.1 ± 3.63 
mm. Furthermore, Oae et al1 reported high accuracy 
using a longitudinal US ATFL imaging compared to 
arthroscopy in the identification of morphological 
changes suggestive of ATFL injury in 34 patients (19 
males, 15 females) in need of ankle arthroscopy (mean 
age 29 years, range 13-55) presenting clinically with 
both acute and chronic lateral ankle injuries. Campbell 
et al6 included manual anterior drawer stress to an US 
exam and further identified ATFL injury indicating that 
the combined use of US imaging and ankle joint stress, 
followed by measurement of the changes in talofibular 
displacement using methods described by Brasseur et 
al and Glaser et al,5,14 may provide clinicians with more 
accurate and reliable information on talocrural joint 
integrity than do the manual anterior drawer and talar 
tilt stress tests. 

Although US imaging of the ATFL can provide valu-
able information regarding the structure and the 
distance between bony attachments, it is unknown 
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whether changes in the length of the ATFL repre-
sented on an US image are related to the talocrural 
displacement measured with an ankle arthrometer. 
The authors hypothesize that the amount of ATFL 
lengthening measured from an US image during 
anterior drawer and inversion are directly related to 
the amount of anterior translation and inversion 
degrees of laxity measured with an ankle arthrome-
ter during separate trials. The purpose of this study 
was to evaluate the relationship between the ATFL 
length measurements measured from stress US 
images to the inversion and anterior translation 
observed with AA in healthy subjects. 

METHODS
This descriptive laboratory study explored the rela-
tionship between absolute length measurements of 
the ATFL during anterior drawer and inversion stress 
and depicted on an US image (USAD and USINV, 
respectively), the relative changes in ATFL length 
during the anterior drawer and inversion stress, using 
ultrasound analysis (USAD% and USINV%, respec-
tively) with the anterior drawer and inversion laxity 
results obtained using the ankle arthrometer (AAAD 
and AAINV, respectively) . The relationships of par-
ticular interest were those between the following 
variables: USAD and AAAD, USAD% and AAAD, 
USINV and AAINV, and USINV% and AAINV. Second-
ary relationships of interest were between USAD and 
USINV, USAD% and USINV%, and finally between 
AAAD and AAINV.

Subjects
Twenty-six healthy subjects (12 males, 14 females) 
who had no history of injury to at least one of their 
ankles participated. Fifteen subjects had no history 
of injury to either ankle, while 11 subjects had a his-
tory of unilateral ankle injury. For the purposes of 
this study, a randomly selected ankle from the par-
ticipants with no injury history was chosen and the 
uninjured ankle was used in subjects with a unilat-
eral history of injury for 26 ankles included. See 
Table 1 for subject demographic information. 

Exclusion criteria included a history of bilateral 
ankle sprains, ankle or tarsal fracture, or current 
skin lesions around the foot or ankle region. A Latin 
square was used to randomize the order in which 
the AA or the US assessments were performed. All 
subjects were informed of the possible risks associ-
ated with the experiment and signed a consent form 
prior to participation. The university institutional 
review board approved the study methods. 

Instruments
A portable US unit with a 38 mm linear transducer probe 
operating at 8 MHz (GE Logic Book PRO, Fairfield, CT) 
was used to acquire US images in conjunction with the 
LigMaster™ multi-joint arthrometer (SportTech, Inc. 
Charlottesville, VA) that was used to apply 125 N of ante-
rior drawer force and to invert and stabilize the ankle 
near the end range of inversion range of motion. The 
Hollis ankle arthrometer (Blue Bay Research Inc., Mil-
ton, FL) was used to apply and measure the amount of 
anterior ankle translation during 125 N of anterior 
drawer force and degrees of ankle inversion motion 
with a 4000 N*mm of inversion torque. 

Testing procedures
A flow chart of subjects through the study is shown 
in Figure 1. 

Table 1. Subject demographics (n=26). Values are represented as means ± SD.

Figure 1. Flow chart for study procedures.
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Ultrasound Exam
US images were taken in three positions (neutral, 
inversion, anterior drawer). Anterior drawer and 
inversion testing positions are shown in Figures 2 
and 3. Standard ultrasound transmission gel was 
used as the conducting agent. Neutral images 
(USNEUT) were captured first while the subject was 
sidelying with the ankle joint in a neutral position 
(0º dorsi/plantar flexion and 0º inversion/eversion). 
While in this position, three images of the ATFL 
were obtained after identifying the bony landmarks 
of the talus and lateral malleolus.15 Between each 
USNEUT image, the examiner removed the US probe 
and the subject actively moved the ankle 3 times 
into full plantar and dorsi flexion and then returned 
to the neutral position for the subsequent images. 

USINV images were taken with the subject in the 
supine position with the heel resting in the heel cup of 
the LigMaster™. The heel cup was then fastened 
securely to the ankle as it rested in approximately 30º 
of plantar flexion. The cushioned pressure actuator 
placed 3.0 cm proximal to the medial malleolus applied 
lateral displacement of the leg causing the ankle to 
rotate passively to end range of motion. The subject 
was instructed to relax the muscles of the leg while the 
ankle was passively inverted to the end range of ankle 
inversion and the degrees of motion were recorded 
using the digital output from the LigMaster™ device 
that uses a rotary encoder device within the frame to 
detect angular displacement with ankle inversion. 
Once positioned, the US probe was used to acquire an 

image. The inversion stress was then released follow-
ing each image and then reapplied to the same end-
range position previously determined at the first. 

Next, three images were obtained of the ATFL while 
an anterior drawer stress was applied to the ankle. 
The subject rested in the sidelying position with a 
slightly flexed knee and the medial heel resting 
against the LigMaster™ device. The examiner applied 
a 125N force with the pressure actuator to the distal 
tibia resulting in posterior tibial displacement over a 
fixed foot and ankle joint. The ATFL was then identi-
fied with US and an image was taken. The stress was 
then released, and reapplied until three images were 
taken and stored for later measurement. US images 
were stored in digital format for subsequent analysis 
using ImageJ v. 1.42k software (ImageJ, U. S. National 
Institutes of Health, Bethesda, MD).

The origin and insertion points of the ATFL were used 
as bony landmarks during the acquisition of the US 
images to ensure standardization of the ATFL across 
different images in a manner similar to previously 
reported methods.14,5 The anterolateral aspect of the 

Figure 2. Anterior drawer stress used to capture USAD 
images.

Figure 3. Ankle inversion method used to capture USINV 
images.



The International Journal of Sports Physical Therapy | Volume 6, Number 4 | December 2011 | Page 301

lateral malleolus was identified as the ATFL origin and 
the peak of the talus was used as the insertion point. 
The peak of the talus also represents the anterior 
aspect of the lateral talar articular cartilage and the 
lateral neck of the talus. These bony landmarks can be 
identified by their hyperechogenic nature and were 
verified during ankle movement to ensure that the 
talar insertion was consistently selected at a similar 
location across images.16 Figure 4 depicts an example 
of the US images used in this study.

In the measurement of the US images, three examin-
ers independently identified and selected the lateral 
malleolus origin and talar insertion of the ATFL. A 
straight-line caliper was used to measure the linear 
distance (mm) between the landmarks. The US image 
had a field of view of 13.3 by 10.8 cm in size and 521 
by 412 pixels in resolution. To standardize the linear 
measurement for all images, the digital caliper was 
calibrated to 13.8 pixels per mm from a scale that 
appears on each image. The examiners trained in this 
US technique were blinded to ankle position (neutral, 
anterior drawer, and inversion) during the measure-
ment process. Each examiner measured each image 
once, the mean of each of the individual examiner’s 
means were found, and a grand mean was taken from 
these three means and was used in the final analysis. 
Normalized length change values are similar to those 
used by Ozeki et al17 and were calculated from the 
USNEUT values for both USAD (USAD%) and USINV 
(USINV%) using these formulae:

USAD%= USAD–USNEUT
USNEUT

⎛⎛
⎝⎝⎜⎜

⎞⎞
⎠⎠⎟⎟
••100

USINV%= USINV –USNEUT
USNEUT

⎛⎛
⎝⎝⎜⎜

⎞⎞
⎠⎠⎟⎟
••100

Stress ultrasound measurement reliability was 
assessed by a pilot study that involved measuring 
the captured images from 20 ankles taken during 
the three test conditions (180 images). The examin-
ers were two post-professional athletic training mas-
ters students with additional training in US to both 
acquire the images and perform the ATFL measure-
ments with ImageJ software. Each examiner inde-
pendently measured each image once and a mean 
ATFL length was calculated for each ankle, at each 
position. The interexaminer reliability of these posi-
tion means was calculated from these means. 

Intraexaminer reliability was measured by a third 
examiner who measured the same data set on two dif-
ferent days and the mean ATFL lengths of each ankle, 
at each position were used to determine the test-retest 
reliability. The examiner was a physical therapist 
with 13 years of clinical experience and 5 years of 
experience with using US. Intraclass correlation coef-
ficients were calculated on the average measures. 
Intraclass correlation coefficients (ICC3,k) were 0.77 
(95% CI: .42, .91) for neutral; 0.91 for anterior drawer 
(95% CI: .78, .97) and 0.91 for inversion (95% CI: .71, 
.96) for interexaminer reliability. Intraexaminer reli-
ability was 0.93 for neutral (95% CI: .81, .97), 0.94 for 
anterior drawer (95% CI: .71, .98) and 0.96 for inver-
sion (95% CI: .89, .98).

Ankle Arthrometer
AA variables were obtained as previously described 
by Hubbard et al.11,12 The subject was placed in the 
AA with the heel secured in a specialized cup and a 
clamp secured over the talus (Figure 5). A pad was 
placed against the anterior tibia and secured around 
the leg. The subject was then moved to a supine 
position with the foot and AA off the edge of the 
plinth. A stabilization belt was placed over the shank 
to restrict movement during the exam. Three trials 
of anterior drawer were performed to 125 N of force 
and peak anterior displacement (mm) was recorded. 
The ankle was then inverted three times with 4000 
N*mm of torque and the peak amount of inversion 

Figure 4. US image between the fi bula and talus directly 
over the ATFL. ATFL measurement (mm) is taken from the 
origin at the anterolateral aspect of the lateral malleolus 
and ends at the peak of the talus representing the site where 
the talar neck meets the anterior border of the lateral talar 
articular surface.
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displacement was measured in degrees. The mean 
value of the three trials for each position was used 
for statistical analysis. These procedures with this 
device have previously demonstrated inter- and 
intratester reliability of .80 to .97.4

Statistical analysis
The US dependent variables were USAD mean length, 
USINV mean length, USAD%, and USINV%. The 
instrumented arthrometer dependent variables were 
AAAD (mm) and AAINV (º). A bivariate correlation 
analysis was used to determine the relationships 

between the 6 dependent variables. The alpha level
was set a priori at p<.05 for all correlation analyses. 
A Bland-Altman plot was used to determine the limits of 
agreement between the USAD and AAAD variables.18 

RESULTS
Descriptive statistics are shown in Table 2 and corre-
lation analysis results are shown in Table 3. No sig-
nificant correlations were identified within the 
primary relationships of interest between AA and 
US variables. The secondary comparisons of interest 
between USAD - USINV and USAD% - USINV% were 
both strongly correlated, as was the AAAD and 
AAINV comparison. Figure 6 shows the Bland-
Altman plot and reveals the mean difference between 
the USAD mean displacement and the AAAD mean 
length measurement. The AAAD variables were, on 
average, 5.38 mm (95% CI: –3.5 to 12 mm) greater 
than the USAD variables; a nonsignificant finding 
due to the width of the confidence interval. 

DISCUSSION 
There were no significant correlations between the 
US and AA variables used during the assessment of 
anterior drawer or inversion laxity in the four key 
comparisons of interest. Strong, positive correlations 
were observed on the three secondary comparisons 
of interest between USAD and USINV and the AAAD 
and AAINV variables, respectively; a finding that 
suggests both the US and AA method are revealing 
similar patterns of anterior and inversion ankle lax-
ity through two considerably different techniques. 
The measurement of AAAD tended to be 5.38 mm 
greater than USAD indicating that each method is 
quantifying anterior talocrural laxity differently and 
that the sources of both laxity and error must be con-
sidered when evaluating and using both the US and 
AA method. 

Figure 5. Anterior drawer testing and inversion testing 
as performed with the Hollis ankle arthrometer. Subject 
is supine with the foot/ankle secured in the device and 
strapped down to the table frame.

Table 2. Descriptive statistics for all subjects. Represented as mean 
± Standard Deviation
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The lack of correlation between the US and AA vari-
ables may be attributed to the small changes in liga-
ment lengthening in subjects without a history of 
ankle injury. For example, the mean USAD% was 
less than 2% in this study. This small amount of 
excursion may have limited the utility of the Pear-
son’s correlation to detect a relationship between the 
two variables in this sample. Jeys et al19 indicated 
that normal ankle ligament changes with motion are 
less than 5%. If the normal ligament is lengthening 
only a small amount from its resting length in a neu-
tral position, then a linear correlation may not exist, 
particularly when evaluated at a single absolute load 
of 125 N. The relationship may differ in ankles with 
ATFL injuries that exhibit increased lengthening due 
to injury. The subjects in the current study were 
healthy individuals with no history of ankle injury. 
Healthy subjects were used since this study was the 
first to explore a relationship between these devices 
and the authors did not want any displacement or 
laxity measurements to be affected by pain during 
testing. It was hypothesized that as the USAD dis-
placement value increased, the AAAD length mea-
surement would increase, but the results did not 
support that hypothesis. Analyzing this relationship 
with a Bland-Altman plot, the AAAD consistently 
produced 5 mm more translation in comparison to 
USAD. The current US measurements of mean ATFL 
lengths were similar to those described in both 
anatomical and MRI studies.14,20 Also consistent with 

current findings reported in Table 2, were the find-
ings of de Asla et al20 who reported in-vivo ATFL 
length changes in healthy ankles from 16 mm in 
neutral to 20.8 mm during active ankle plantar flex-
ion and supination motion using MRI. ATFL length 
was found in the de Asla et al study by measuring the 
linear distance between the centroids of both the lat-
eral malleolus and talus at different positions of ankle 
active motion using 4 healthy ankles. Significant 
changes in length of the ATFL were observed with 
the supinated position, which was similar to the 
inversion position used in this study. 

The AA and the US methods used in this study have 
four key differences that may explain the inability to 
identify relationships between the ankle laxity vari-
ables. First, The AA uses digital sensors that are 
placed away from the talocrural joint on a footplate 
and a tibia pad. This arrangement allows for subtalar 
motion, soft tissue compressibility and leg motion to 
be captured resulting in additional movement and 
systematic error that is not captured with an US 
image. Second, the US uses a two-dimensional image 
of the ligament from origin to insertion. While the 
stress applied to the ankle during US imaging is simi-
lar to that used during the AA method, the US image 
(and relative changes between positions) isolates 
changes to predominantly talofibular motion. US 
measurements taken between the talus and fibula do 
not account for subtalar motion that the AA device 
measurement includes, both in anterior displace-
ment and inversion.9 Third, the subject is supine 

Figure 6. Bland Altman plot of ankle arthrometer 
anterior drawer (AAAD) and ultrasound anterior drawer 
(USAD) difference from USNEUT. Lines represent the mean 
difference (5.4 mm) and the 95% confi dence interval for the 
mean difference (–1.9, 12.6 mm).

Table 3. Relationships between dependent variables.
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with the knee in 0º of flexion and 0º of plantarflex-
ion during the AAAD test and in sidelying with the 
knee slightly flexed to approximately 30º during the 
USAD condition. The extended knee position may 
increase the passive muscle tension from the gas-
trocsoleus complex and thereby alter ankle laxity 
and stiffness.21 Finally, the rate and duration of joint 
loading used was different between the two stress 
devices. The magnitude of loading was similar (125 
N) for both devices, but the AAAD requires the exam-
iner to load the ankle joint at a rate of approximately 
30 N/sec while, during the USAD exam, the rate of 
joint loading is only 10-12 N/sec using the LigMas-
ter™ device. The ankle then remains at a constant 
load of 125 N until the examiner can capture an ATFL 
image, a process that may take 15-30 seconds, possi-
bly allowing tissue creep to occur. These same issues 
are present during the inversion testing which may 
similarly account for differences between these vari-
ables. The contributions of these factors help explain 
the differences between these variables of ankle 
laxity.

When comparing the AAAD with the AAINV variable 
a strong, positive correlation was found. This correla-
tion indicates that as the displacement increases in 
the AAAD, that a corresponding increase in the 
degrees of AAINV rotation occurs in healthy ankles. 
This may occur to a greater degree in subjects with 
greater physiological laxity. Kovaleski et al also tested 
AAAD and AAINV both before and after sectioning of 
the ATFL and CFL in cadaver ankles and observed 
changes in inversion rotation after sectioning of the 
ATFL, suggesting that increases in anterior displace-
ment are accompanied by concomitant increases in 
inversion rotation.4 Hubbard et al found that AAAD 
and AAINV were both effective at measuring ankle 
laxity and indicated that similar changes in both inver-
sion degrees of motion and anterior displacement 
existed between healthy and ankle-injured subjects, 
even in subjects suspected of having only ATFL inju-
ries without CFL involvement.10 Similarly, these 
results found a strong positive correlation when ana-
lyzing the USAD and USINV variables. This is an inter-
esting finding in context of the AAAD and AAINV 
relationship and suggests that while the AA appears to 
measure the laxity of the entire ankle complex (talo-
crural and subtalar joints) the US methods focus upon 
ATFL changes and talofibular motion alone. A strong 

positive correlation was also revealed when compar-
ing the USAD% normalized length with the USINV% 
normalized length and suggests that the normalized 
ATFL length changes visualized with US reflect simi-
lar relationships between each other as do previously 
validated methods of mechanical arthrometry. 

Previous authors have reported AA results in healthy 
subjects and those with ankle instability in terms of 
total anteroposterior and inversion-eversion displace-
ment.9,22 The present study measured the only mean 
maximum anterior displacement and mean inversion 
rotation and observed 5.64 ± 2.79 mm of anterior 
translation in healthy ankles and a mean inversion 
rotation of 25.6 ± 9.0º. Hubbard et al22 reported total 
anteroposterior translation of 18 ± 4 mm and inver-
sion rotation of 32 ± 3º.22 The combination of antero-
posterior or inversion-eversion displacements were 
not used because the authors’ interest was not with 
anteroposterior laxity, but merely the direction-spe-
cific laxity in the anterior and inversion motions in 
order to make comparisons to the US variables.

This authors of the current study evaluated the mean 
anterior displacement using AA against the mean 
anterior displacement as measured between two bony 
landmarks rendered on an US image. While theoreti-
cally related, each procedure has sources of error that 
occur which may be of different magnitude. Such 
uncontrollable sources of error are limitations of this 
study. Also, a limitation noted is that healthy subjects 
were included who do not have a history of capsulo-
ligamentous ankle injuries and the “normal” laxity 
present may be small thus limiting the applicability of 
the Pearson product moment correlation as a method 
to characterize any hypothesized relationships. Fur-
ther investigations that attempt to characterize the 
relationship between these two methods for quantify-
ing ankle laxity should consider methods that use a 
range of applied loads and degrees of motion. 

Conclusion
Variables of ankle laxity from the US and AA images 
were not directly correlated when measuring inver-
sion and anterior laxity in healthy ankles. The lack of 
correlation between the USAD and AAAD variables 
may stem from unique aspects of each measurement 
device such as differences in subject positioning, 
sources of measurement error, and the rate of ankle 
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joint loading. Additionally, the AA quantifies total 
ankle joint complex displacement while the US 
method specifically isolates changes to the talofibular 
aspect of the talocrural joint. Thus in healthy ankles, 
it appears that the US method and AA are not measur-
ing the same components of ankle joint laxity. Future 
studies should examine the use of these two assess-
ment techniques in ATFL-injured subjects to examine 
the relationship between measured variables. 
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